INTRODUCTION
Cervical cancer is the seventh-most-common cancer for women in China, and it was estimated that there were 98.9 thousand new cases and 30.5 thousand deaths in 2015 [1] . At present, the standard treatment approach for locally advanced cervical cancer is concurrent chemoradiotherapy (CCRT). Traditionally, external beam radiation therapy (EBRT) has been delivered via conventional radiotherapy or conformal radiation therapy (CRT), with anteroposterior and posteroanterior parallel portals or four-field "box" radiotherapy. These approaches deliver large irradiation volumes and cause considerable toxicity to the bladder, rectum and bowel. On the other hand, intensity-modulated radiation therapy (IMRT) can reduce the dose to organs at risks (OARs) while achieving a comparable or better dose distribution to the clinical target volume (CTV). The Radiation Therapy Oncology Group 0418 trial demonstrated that IMRT reduced the toxicity of radiation therapy without worsening disease
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control for postoperative International Federation of Gynecology and Obstetrics (FIGO) stage IA-IIB cervical cancer patients [2, 3] . IMRT is currently widely used for postoperative cervical cancer patients.
Considering internal organ motion and tumor regression [4] [5] [6] [7] [8] , it is controversial to use IMRT in definitive radiotherapy for cervical cancer. Image-guided radiation therapy (IGRT) allows adjustment and correction of the radiation beam or the patient's position, and thus is a more accurate form of dose delivery for patients. IGRT may reduce the probability of a geographic miss during treatment delivery for cervical cancer patients.
As it is for other locally advanced cervical cancers, CCRT is the standard treatment approach for stage IIB cervical cancer. However, uterine and cervical motion may be greater in stage IIB cervical cancer patients than in stage IIIB patients, as the uteri and cervixes of the latter are usually fixed due to wide parametrial involvement. Thus, it is riskier to use IMRT in stage IIB cervical cancer.
For stage IIB cervical cancer, previous studies have demonstrated that doses to point A greater than 85 Gy were associated with better central control [9, 10] . Further increase in the dose to point A beyond 85Gy was not associated with improved central control, but rather correlated with additional complications [9] . After definitive radiotherapy, the local recurrence rate of stage IIB cervical cancer has ranged from 12.41-19.9% [11] [12] [13] , which is still too high.
At our institute, we began to treat cervical cancer patients with image-guided IMRT in 2005. The dose to OARs is lower with IMRT than with CRT or conventional radiotherapy, allowing us to deliver higher doses to point A with intracavitary brachytherapy (ICBT, 30-36 Gy in five to seven fractions) for better local control with acceptable toxicity. Further, high-dose ICBT can compensate for the insufficient dose to the tumor caused by the potential geographic miss of the target volume during IMRT. In this study, we retrospectively analyzed the survival and toxicity of FIGO stage IIB cervical cancer patients treated with image-guided IMRT combined with high-dose ICBT and concurrent chemotherapy.
RESULTS

Patients' characteristics and treatment
In total, 373 patients were eligible for this study. The median age of the patients was 50 years (range, 24-73 years). The majority of patients (336/373) had squamous cell carcinoma. Ninety-two patients (24.7%) had regional lymph node metastases (LNM), including 74 patients with pelvic LNM, one patient with para-aortic LNM, and 17 patients with pelvic and para-aortic LNM. Fixed-field IMRT (FF-IMRT), volumetric modulated arc therapy (VMAT) and helical tomotherapy (HT) were used in 124 (33.2%), 232 (62.2%) and 17 (4.6%) patients, respectively. Fiftytwo patients (13.9%) received extended-field radiotherapy. Dosages ≥30 Gy to point A by ICBT were prescribed for 343 (92.0%) patients. One patient did not receive ICBT because of cervical atresia, so a boost dose of 20 Gy in 10 fractions was delivered to the cervix with VMAT after whole pelvic irradiation. The concurrent chemotherapy regimen was cisplatin for 346 patients (92.8%), and 318 patients (85.3%) received four cycles or more of concurrent chemotherapy. Four patients did not complete the radiotherapy. One of them died of acute renal failure after 5.4 Gy in three fractions of pelvic EBRT and one cycle of cisplatin chemotherapy. The other three patients did not complete radiotherapy because they refused to continue ICBT (two patients received 6 Gy in one fraction and one patient received 12 Gy in two fractions). The detailed characteristics are shown in Table 1 .
Outcomes and patterns of failure
The median follow-up duration was 32.5 months (3.1-119.8 months). The three-year overall survival (OS), disease-free survival (DFS) and local control (LC) rates were 87.5%, 82.2% and 92.5%, respectively. The estimated five-year OS, DFS and LC rates were 84.1%, 80.7% and 92.5%, respectively ( Figure 1 ).
Sixty patients (16.1%) experienced treatment failure, including 21 patients (5.6%) with pelvic relapse, 37 patients (9.9%) with distant metastasis, and two patients (0.5%) with both pelvic relapse and distant metastasis. The most common sites of pelvic relapse were the cervix or parametrium (12 patients, 3.2%) and the vagina (seven patients, 1.9%). Twenty-five patients (6.7%) experienced metastasis of the lung, which is the most common site of distant metastasis. Other common sites of distant metastasis included the para-aortic lymph nodes (nine patients, 2.4%) and the mediastinal or cervical lymph nodes (six patients, 1.6%).
Of the 92 patients with regional LNM, seven patients (7.6%) experienced regional lymph node failure. Of the 74 patients with positive pelvic lymph nodes and negative para-aortic lymph nodes, four patients (5.4%) experienced lymph node failure, including one with residual disease and three with recurrence. Three of the 18 (16.7%) patients with para-aortic LNM had regional lymph node failure, including one patient with residual lymph node disease and two patients with lymph node recurrence.
Thirty-eight patients (10.2%) had died by the end of follow-up; the median survival of the deceased patients was 20.0 months (range, 3.1-55.9 months). Thirty-five of them died of cervical cancer and one died of acute treatment toxicity. Two patients died for other reasons: one patient died of peritoneal mesothelioma and one patient died of heart failure. www.impactjournals.com/oncotarget
Prognostic factors
Age, histology, tumor size, pelvic LNM, paraaortic LNM, squamous cell carcinoma antigen (SCC Ag) levels, hemoglobin levels and radiotherapy duration were evaluated in univariate analysis. As shown in Table 2 , the tumor size and hemoglobin level were significant prognostic factors for OS, DFS and LC. An age ≥65 years, pelvic LNM and para-aortic LNM were associated with worse OS and DFS. Patients with SCC Ag levels ≥10 ng/mL had worse DFS and LC.
The results of multivariate analysis are shown in Table 3 
Toxicity
Sixty-one patients (16.4%) developed ≥grade 2 chronic gastrointestinal toxicity, and 10 of them (2.7%) EBRT indicates external beam radiation therapy; FF-IMRT, fixed field intensity modulated radiation therapy; VMAT, volumetric modulated arc therapy; HT, helical tomotherapy.
experienced ≥grade 3 gastrointestinal toxicity (Table 4) . Forty-two patients (11.3%) developed ≥grade 2 chronic genitourinary toxicity, and eight of them (2.1%) experienced ≥grade 3 genitourinary toxicity. A total of 12 patients (3.2%) experienced ≥grade 3 chronic toxicity, including two patients with grade 3 enteritis, three patients with grade 3 cystitis, three patients with rectovaginal fistula, three patients with bowel obstruction, two patients with uterorectal fistula, one patient with sigmoid fistula, and one patient with ureteral obstruction.
DISCUSSION
IMRT allows highly conformal dose delivery to the target volume and a high dose gradient out of the target volume. Therefore, IMRT delivers a significantly lower dose to the bladder, rectum, bowel and bone marrow than four-field conformal pelvic radiotherapy for cervical cancer patients, without compromising target coverage [14, 15] . However, the uterus, cervix and OARs are prone to positional changes over time. found that margins of 4 cm at the uterine fundus and 1.5 cm at the cervical os were required to encompass 90% of the interscan motion [5] . Large CTV margins may increase the dose to OARs and decrease the disadvantages of IMRT. IGRT is one way to safely reduce the margins. At our institute, an 8-10 mm margin was added to the CTV and an additional 5-10 mm margin was added to the vagina, cervix and uterus. Weekly cone-beam computed tomography (CBCT) or daily megavoltage CT (MVCT) was used to determine necessary position corrections. The local failure rate (6.2%) was low and the toxicity was acceptable. This indicates that these margins combined with our IGRT approach are feasible for cervical cancer patients treated with IMRT. IMRT can cause less treatment toxicity than anteroposterior and posteroanterior parallel portals or fourfield "box" radiotherapy, while achieving comparable or better treatment efficacy. Kidd et al. treated 452 cervical cancer patients with curative-intent radiotherapy (135 with positron emission tomography (PET)/CT-guided definitive IMRT and 317 with non-IMRT). The OS and cause-specific survival were better in the IMRT group (p < 0.0001). Cox multivariate analysis revealed that the treatment technique (IMRT vs. non-IMRT) was an independent factor predicting cause-specific survival (p = 0.0002). The incidences of ≥grade 3 bowel or bladder toxicity were 6% and 17% for patients treated with IMRT and non-IMRT, respectively (p = 0.0017) [16] . Du et al. reported that the estimated five-year progression-free survival rate was significantly higher for IMRT patients than for conventional radiotherapy patients (64.9% vs. 44.3%, p = 0.031). The IMRT patients also experienced significantly lower acute and chronic toxicities than the conventional radiotherapy patients [17] . A prospective randomized study from India included 44 patients with stage IIB-IIIB SCC of the cervix (22 IMRT and 22 CRT). The IMRT and CRT groups had similar OS and DFS, while patients in the IMRT group were less likely to experience ≥grade 3 acute gastrointestinal toxicity (4.5% vs. 27.3%, p = 0.047) and chronic gastrointestinal toxicity (13.6% vs. 50%, p = 0.011) [18] .
The three-year to five-year OS rates have been reported to be 63.1-86.8% for FIGO stage IIB cervical cancer patients [9, 11-13, 19, 20] . In our study, the estimated five-year OS rate was 84.1%. The incidences of ≥grade 3 gastrointestinal and genitourinary toxicity for cervical cancer patients treated with non-IMRT have been reported to be 4.14-18.4% and 0-15%, respectively [11, 12, 17, 19] . In our study, the incidences of grade 3 or higher gastrointestinal and genitourinary toxicity were 2.7% and 2.4%, respectively. These incidences were lower than most of those previously reported for non-IMRT. It is worth noting that for 92% of our patients, the dose of ICBT was 30 Gy or greater. The estimated cumulative dose to point A in these patients was greater than 90 Gy (equivalent dose in 2-Gy fractions [EQD2], α/β = 10), which was higher than those in previous studies [11, 12, 19, 21] . Thus, with IMRT, we delivered a higher dose to point A, with a comparatively low incidence of ≥grade 3 toxicity.
In the last two decades, MRI-and CT-based imageguided brachytherapy (IGBT) have been of increasing interest. IGBT was reported to improve the survival of cervical cancer patients, while causing lower morbidity than 2D brachytherapy [22] [23] [24] . In the RetroEMBRACE study, 731 cervical cancer patients from 12 institutions were treated with IGBT, and the median follow-up duration was 43 months. The mean D90 (dose delivered to 90% of the target volume) of the high-risk clinical target volume was 87 ± 15 Gy (EQD2). The grade 3-5 bladder and gastrointestinal morbidity were 5% and 7%, respectively. The three-year LC and OS rates were 91% and 74% overall, respectively, and were 93% and 78% for stage IIB patients [22] . Thus, the three-year LC rate was similar to that in our study (92.5%). Patients in the RetroEMBRACE study achieved comparable LC to the patients in our study, but with a lower radiotherapy dose and less concurrent chemotherapy (77.4%) [22] . However, due to the heavy cervical cancer burden [1] and economic factors, IGBT is not widely used in developing countries at present. Thus, 2D brachytherapy may be the main treatment approach for cervical cancer for a long period in developing countries like China. At our institute, we make a 2D brachytherapy plan after every insertion and conduct a CT scan after the first insertion. We do our best to deliver a sufficient dose to the tumor and to reduce the toxicity. Considering the high LC and acceptable toxicity associated with our brachytherapy approach, this approach may be suitable for developing countries. Van de Bunt et al. reported that the primary GTV of cervical cancer patients decreased by 46% (range, 6.1-100%) on average after about 30 Gy EBRT. Second IMRT plans spared the rectum at the 95% dose level of the prescribed dose better than first IMRT plans (p = 0.009). For patients whose primary GTV decreased by more than 30 cc, second IMRT plans significantly reduced the treated bowel volume [7] . In another study, the mean cervical volume reduction was 62.3% after 45 Gy EBRT [8] . In view of tumor regression, cervical cancer patients treated with IMRT received a second CT simulation and IMRT plan after 36 Gy EBRT and one to two fractions of ICBT at our institution. If we found that the tumor or cervical size had dramatically decreased before the administration of 36 Gy EBRT and one to two fractions of ICBT by CBCT or MVCT, the patient received a second CT simulation and planning in advance.
Our univariate analysis revealed that pelvic LNM was associated with worse OS and DFS. However, this finding was not significant in multivariate analysis. In contrast, pelvic LNM has correlated with worse survival in previous studies [20, 25] . A possible explanation for this is that a sufficient dose (59-61 Gy) was prescribed to positive lymph nodes with our IMRT-simultaneousintegrated-boost technique, and an extended field was used for patients with para-aortic LNM or a high risk of para-aortic lymph node failure. Moreover, the use of IGRT made the boost more accurate. It was reported that for poorly responsive lymph nodes, a total dose of >58 Gy might reduce the incidence of lymph node recurrence [26] . In the study of Vargo et al., 61 cervical cancer patients (stage IB1-IVA) with PET-avid pelvic lymph nodes were treated with extended-field IMRT (45 Gy in 25 fractions and a concomitant boost to a median of 55 Gy for positive lymph nodes). Only three patients (4.9%) experienced regional node failure [27] . Kim et al. reported that after a median EQD2 of 62.6 Gy was delivered to bulky lymphadenopathies of cervical cancer patients through tomotherapy, final CR was observed in 52 of 58 lymph nodes, and the final lymph node response (CR vs. non-CR) was a significant prognostic factor for OS (p = 0.016) [28] . In our study, only 4/74 patients (5.4%) IMRT indicates intensity modulated radiation therapy.
with positive pelvic lymph nodes experienced regional lymph node failure, similar to the percentage in the previous study [27] . Thus, patients with positive lymph nodes may benefit from image-guided IMRT.
In conclusion, IMRT combined with high-dose ICBT resulted in good survival and acceptable toxicity for stage IIB cervical cancer patients.
MATERIALS AND METHODS
Patients
We performed a retrospective study of cervical cancer patients treated with IMRT-based CCRT at our institute between May 2005 and December 2013. The inclusion criteria were as follows: biopsy-diagnosed cervical cancer; FIGO stage IIB disease; no previous surgery or radiotherapy for cervical cancer; EBRT delivered with IMRT; and concurrent chemotherapy.
Radiotherapy
Patients were immobilized with thermoplastic in the supine position. A CT (16-slice Philips Brilliance Big Bore CT) simulation was performed with intravenous and oral contrast agents at a slice thickness of 5 mm. Vaginal marker and rectum, bladder preparation and were performed before CT simulation. The GTV and CTV were contoured on the CT images of each patient. The GTVnd included involved regional lymph nodes (including pelvic and para-aortic lymph nodes). The criteria for positive lymph nodes were a short diameter longer than 1 cm, and proof by a functional imaging technique such as PET/CT or diffusion-weighted MRI. The CTV covered the gross tumor, cervix, uterus, parametrium, upper part of the vagina to 3 cm below the tumor invasion, and pelvic lymph nodes (including the common iliac, internal iliac, external iliac, obturator and presacral lymph nodes). Patients with para-aortic LNM, bilateral pelvic LNM or involved common iliac lymph nodes received extendedfield irradiation with the CTV up to the level of T12 to L1. A 5 mm margin was added to the GTVnd to create the planning gross tumor volume (PGTVnd). The planning target volume (PTV) was defined as the CTV plus an 8-10 mm margin and an additional 5-10 mm margin to the vagina, cervix and uterus.
A dose of 50.4 Gy in 28 fractions was delivered to the PTV. For patients with positive regional lymph nodes, 59-61 Gy was prescribed to the PGTVnd with the simultaneous integrated boost technique. At least 95% of the final PTV or PGTV received 100% of the prescribed dose, and at least 100% of the CTV or GTV received 100% of the dose.
The EBRT technique included FF-IMRT, VMAT and HT. All three techniques were delivered with 6-MV photons. The FF-IMRT plan was generated with seven or nine coplanar step-and-shoot beams. VMAT plans were optimized with two full arcs. The HT planning parameters were a 2.5 cm field width, a pitch of 0.25 and a maximum modulation factor of 2.5.
CBCT was performed weekly for patients receiving FF-IMRT and VMAT. Patients treated with HT received daily MVCT. CBCT or MVCT was used to determine necessary corrections to the patient's position. Considering tumor regression, we conducted the CT simulation and IMRT planning again after 36 Gy in 20 fractions of EBRT and one to two fractions of ICBT. If the weekly CBCT or daily MVCT detected apparent motion or regression of the tumor or cervix before this time, a second round of CT simulation and treatment planning was conducted for this patient in advance.
High-dose-rate ICBT was delivered with an Ir192 resource. ICBT usually began after three weeks of EBRT. A dose of 30-36 Gy in five to seven fractions was prescribed to point A, according to the International Commission of Radiation Units 38. Patients received a conventional simulation with orthogonal films and brachytherapy planning after every insertion. A CT scan was performed after the first insertion to check the position of the applicator, identify uterine perforation and assist with 2D brachytherapy planning. Subsequently, the applicator was positioned based on the direction, curvature and depth of the tandem of the first insertion. If the doctors suspected that the uterus had been perforated, a CT scan was performed.
Chemotherapy
All patients received concurrent chemotherapy. The first-line regimen was cisplatin 30-40 mg/m 2 weekly. For patients with renal failure, paclitaxel 60-80 mg/m 2 weekly was recommended.
Follow-up and evaluation of toxicity
Gynecological examinations and pelvic MRI/CT were performed one month after treatment. Subsequently, patients had follow-up examinations approximately every three months for the next two years, every six months for three to five years after treatment, and then once per year. Treatment efficacy was assessed with the Response Evaluation Criteria in Solid Tumors. Toxicity was evaluated with the Common Terminology Criteria for Adverse Events version 3.0.
Statistical analysis
OS, DFS and LC were estimated by the KaplanMeier method. Statistical significance was examined with a log-rank test. Cox's proportional hazard model was used for multivariate analysis. Differences were considered statistically significant at p < 0.05. Statistical analysis was performed with SPSS v.19.0.
